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PREFACE

Our objectives are to explore enzyme activities in soil, including
abundance, persistence and localization of these activities, and to
develop procedures for detection and assay of enzymes in soils suitable
for presumptive tests for life in planetary soils.

Thus far we have developed a sensitive test for soil urease, based on
hydrolysis of heat-stable th—urea and have described the urease activity,
of ancient and buried soils.

We have also exﬁlored in a general way the behavior of enzymes in non-
classical systems, e.g. on surfaces, in gels and coacervates, and at low
humidity, as an aid to understanding enzyme action in heterogeneous systems
such as in soils.

A mathematical model has been developed, based on enzyme action and
microbial growth in soil, for rates of oxidation of nitrogen as nitrogen
compounds are moved downward by water flow. This bio-geo-chemical model
should be applicablé to any percolating system, with suitable modification
for special features, such as oxygen concentrations, types of hydrodynamic
flow, etec.

We have developed & suitable extraction procedure for soil enzymes
and have been measuring activities in one such extract in order to study
how urease is' complexed in soll organic matter. DNearly 30 pe{ggnt of

soil enzymes can be isolated as colloidal, clay-free suspensions.
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PROGRESS IN RESEARCH

I. THE EXTRACTION OF UREASE ACTIVE ORGANIC MATTER FROM SOIL
The extraction techniques, as outlined previously (1, 2) have been
somewhat modified. With some reliability we may now extract approximately

30% of both the organic matter and the urease activity from Dublin soil.

Summary of Procedure

1. Sonication* of a 1:10 aqueous soil suspension for 20 minutes.

2. The soil is then repeatedly extracted with solutions of salts of
decreasing molarity and reactions changing from slightly acid to neutral.

3. The soll suspension is centrifuged at 18,000 g for 30 minutes and
the supernatant passed through a Mandler Bacteriolggical Filter, ¥#%

L, The extracts were dialyéed under running taep water for three days
and then against distilled water for one day.

5. The precipitate formed is collected and dialysed for 24 nours
agaiﬁst 0.1 M sodium phosphate (pH 7.0). The phosphate is changed three

times during this period.

The viscous brown to black material obtained has a tendency to gel

on standing. It is hereafter referred to as the "dark precipitate."”

¥ Circo 60 watt ultrasonic generator.

¥#* Mandler Diatomaceous Filter Cylinder, No. 3, 5" x 1", Allen Filter Co.,
Toledo, Ohio.



Details of the Proqedure

Sonication. Twenty-five g of soil is suspended in 250 ml of distilled
wéter, in a 500 ml conical flask, and sonicated for 20 minutes. The flask
is submerged until the surface of soil suspension comes to about 1 cm
below the water level in the sonication bath.

Extraction. Three extraction procedures have been examined. Concerning

the extraction of an urease active fraction, their efficiency is I < II > III.

Procedure I

Approximate molarity
Amount, g in 250 ml volume’
~ EDTA 0.91 0.0125
Urea 30.0 2.0
NaCl 58.5 4.0
NaEQPOh . H20 2.0 0.25
NazHPOh 7.0 0.25

The dry salts are thoroughly mixed together and slowly added to the
sonicated soll suspension, while stirring the latter constantly. When
the salts are dissolved, the pH of the suspension is adjusted in the range
6.4 to 6.6 and, if necessary, 1 ml of toluene is added to the suspension and
the mixture shaken for 1-2 hours in a cold room (10°C). The sedimented soil

is then extracted LI times more: once with 0.25 M Na phosphate pH 7.0, and



three times with 0.05 M Na phosphate at pH 7.0. The shaking time required

is only 30 minutes for each extraction (compared to four hours as previously

reported (1)).

Procedure II

Approximate molarity
Amount, g in. 250 ml volume
Na citrate 69.9 0.95
NaHgPOh . H20 1.75 0.05
Glycine. 0.9k 0.05
NaCl 29.3 2.0

The dry salts are added to the sonicated soil suspension in the

same manner as described in procedure I.

The pH is adjusted to 6.2 -

6.4 and, as previously, 1 ml of toluene is added if necessary.

remainder of the extraction is as described in procedure I with the following

changes: the pH of the Na phosphate solutions is 6.5, and all are 0.01 M

in glycine.

The

~



Procedure III

- Approximate molarity
Amount, g . in 250 ml volume
EDTA 0.91 0.0125
NaEHPOh 24.8 0.7
NaH, PO, * H,0 10.k4 0.3
Glycine 0.94 0.05
NaCl 29.3 2.0

Excepting the salts used for first extract, the method is identical
to that described in Procedure IT.

Dialysis. The first extract is always dialyzed separately from the
others which are combined and dialyzed together. A thick~walled, strong
dialysis bag (tubing) must be used for first extract, as it swells con-
siderably before the salts can escape. Only a small amount of precipitate
forms when procedures I or III are used, and none at all with procedure II.
Nevertheless, the dialyzed clear first extract of procedure II shows urease
activity. The enzyme protein can be precipitated out with (NHM)2SOM
at 0.7 saturation and collected on/in a small celite pad over #42 Whatman
filter paper. Washing the pad with buffers at pH 6.15, 7.1, and 8.0 failed
to extract ény urease activity. Finally the celite pad was dialyzed and
the suspension showed some 85% of the total urease activity that was in

the first extract before (NHh)zsoh precipitation.



II. UREASE ACTIVITY OF INORGANIC SOIL FRACTIONS

A. Comparison of Sand with Combined Silt/Clay Fraction, No Sonication.

Five g of dry soil was added to 100 ml water in a graduated
cylinder and allowed to stand for 40 seconds. The sedimented material
was considered as the sand fraction; the remainder, left in suspension,

was considered as the combined silt and clay fraction.

\

Results.
Fraction Activity in umoles NH3/g/hour
Soil 18.86
"Sand" 14,96
18.16
"8ilt/Clay" 3.20
)

It can be seen that most of the activity is associated with the
"sand" fraction, contrary to what was expected. It is probable that the
"silt/clay" fraction is not dispersed properly and settles out with the

sand fraction taking much of the enzyme activity with it.



B. Comparison of Sand with Combined Silt/Clay Fraction, Sonicated.

The method is outlined in the flow diagram, Fig. 1.

Results.
Activity in
Fraction Jmoles NHB/g/hour
Soil 18.80
Combined residues (sand) 0.80
Supernatant I  (clay/silt) 16.64
20.73
Supernatant II (clay/silt) 2,02
Supernatant III (clay/silt) 1.27

Physical separations of this nature clearly indicate that the major
portion of urease activity is associated with the ciay/silt fraction
whilst very little is associated with the sand, To achieve this demar-

cation 1t is necessary to disperse the soil using sonication.

C. Urease Activity of Separated Clay and Silt Fractions.

The combined silt/clay fraction from experiment B above was made up to
1000 ml witptwater. The suspension was mixed well and allowed to settle
for 2 hours at room temperature. Upon decanting, the residue is the silt

fraction and the supernatant the clay.
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Fig. 1. Procedure for Separation of Soil Inorganic Fractions.

5 g dry soil + 100 ml HQO

Sonicate 15 mins. Allow to stand 40 secs.

Decant.
] ' |
Residue + 50 ml H20. Sonicate 15 min. Supernatant I
Make up to 100 ml.  Mix well. ~ (silt/clay)

Allow to stand for 40 seconds.

Decant.
I | |
Residue. Repeat as above. Supernatant II
(silt/clay)
f ' |
Residue. Repeat as above, Supernatant III

Combine residues (éand fraction). (silt/clay)



Results.
Fraction Activity in umoles NHB/g/hour
Soil 18.80
Clay 35.38
Silt L.,96) Li.1h4
Sand (from B) 0.80

This further separation shows the vast proportion of urease activity
associated with the clay fraction. However total activity is increased
considersbly (18.80 to U41.14) with this further separation. It is suggested
that the extraction procedure (especially the sonication) both releases
enzymes that may be unavailable in the whole soil and that the possibility
of enzyme-~substrate reaction is greatly increased when the large surface
area of the clay fractioﬁ is exposed.

That most of the enzyme activity is associated with the clay is
consistent to our idea of an organo-mineral (organo-clay) complex
being the site of activity. The larger soll inorganic fractions are also
assoclated to some degree with organic matter and would be expected to
show some enzyme activity.

This éxperiﬁeh% ﬁas repeated and the results again show a significant

increase in urease activity upon separation of the clay fraction,
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Results.
Fraction Activity in umoles NH3/g/hour
Soil 21,68
Clay 53.09
Silt 9.77 | 64.58
Sand 1.72

IIT. EFFECT OF SONICATION ON UREASE ACTIVITY OF SOIL

The urease activity of sonicated and non-sonicated Dublin soil was
tested by the Conway diffusion method (3, 4) and lhC—urea methods (5) at

pH 7.0 and pH 5.5, respectively.

Method Average urease activity of Dublin soil
Non-sonicated Sonicated
th—urea :
at pH 5.5 0.22 UM COE/g/hr 0.12 uM COz/g/hr
Conway
at pH 7.0 1) 18 uM NHB/g/hr 16 uM NH3/g/hr
2) 11.52 uM NH3/g/hr 13.4L uM NH3/g/hr
3) 9.28 wM NH3/g/hr 20.80 uM NH3/g/hr




1-10-

The increase or decrease in activity largely depends on intensity and
length of time of sonication. Urease activity of soil seems to be less
affected by sonication when measured at pH 7.0 than it is when measured
at pH 5.5. Using the th method the soil which is sonicated and dried

.retains more urease activity than that which is non-sonicated and dried,
0.10 uM COz/g/hr and 0.06 uM C02/g/hr, respectively.

Despite the probable loss of urease activity, "moderate" sonication

of soil suspension helps to extract more organic matter and more urease

activity. Also shaking-extraction times can be shortened considerably.

IV. THE RESISTENCE OF AN ORGANIC MATTER EXTRACT TO PRONASE

Using standard techniques an organic matter extract was subjected
to pronase attack for six hours at room temperature, in an attempt to

discover if the organic matter afforded protection to the urease enzgyme.

Results.
Activity in
Treatment umoles NH3/ml/hr
Organic Matter + Urea 11.67
13.52
Organic Matter + Pronase 1.85)
Organic Matter + Pronase + Urea 14.95

These results show that there is no depression of urease activity in

pronase treated extracts.
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V. THE EFFECT OF TEMPERATURE ON UREASE ACTIVITY OF MOIST SOIL

KEPT FOR 24 HRS AT TEMPERATURES FROM 25° TO 100°, IN 5° STEPS

This was a preliminary experiment to determine if the enzyme-organo-
complex protected urease from thermal destruction.
Under these conditions urease activity of Dublin soill is lost rapidly

between 35° and 55° and is reduced to zero at 60° (Fig. 2).

VI. EXAMINATION OF THE "DARK PRECIPITATE"

Obviously there is only a very small amount of urease activity in.
the dark precipitate. Attempts were made to concentrate that activity.

One M Na phosphate (pH 6.0) and Na phosphate-citrate (pH 6.5)
effectively removed most of the dark colored organic fraction with very
little loss of urease activity. Phosphate or citrate solution was mixed
with the dark precipitate (5:1), stirred for 5-10 minutes and centrifuged
at 20,000 g for 30 minutes. The dark colored supernatant was decanted.
Urease activity remained in the sediment that was suspended in 0.1 M or
0.02 M Na phosphate solution at pH T.0. Sediment can be washed further
~using alternately 1.0 M, pH 6.0 or pH 6.5, and 0.02 Mor 0.25 M, pH 7.0,
Na phosphate solutions.

Progressively less sediment remained, becoming gray-white in color,
and had a high urease activity although part of whole urease activity was

lost.
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N~N-Dimethylformamide-4 volumes of HCON(Me)2 was mixed with 3 volumes
of the "dark precipitate" and one volume of l.O‘M.Na phosphate at pH 7.8
(0.1 M in glycine). A considerable amount of the dark organic matter was
removed together with supernatant, but the urease activity of the sediment
was reduced some 68%.

NHZ salt solutions did not release any urease activity from dark

precipitate. However, solution

1.0 mM in EDTA
0.5 M in ammonium chloride
0.5 M in ammonium citrate.

+ NH) OH conc. to pH 6.3

followed by solution (6)

0.02 M in Na phosphate
1.0 mM in EDTA

1.0 mM in mercaptoethanol

released large amountsIOf dark organic matter from the precipitate.
Repeated washing of the sediment reduced it to about 1/10 of original
volume, with little loss of activity. The color of the sediment was
gray-white by the end of these manipulations.

-Centrifuging suspensions of dark precipitate at 18,000 g for 30 minutes
was enough to obtain clear supernatants that often possessed urease activity.

When stored for several days in the refrigerator, a thin layer of sediment
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appeared. If these transparent supernatants were passed through Millipore
filters immediately after centrifugation, about 1/5 of the activity pasées
through 0.8 U pore filter, only traces through a 0.45 W pore filter, and
none at all through a 0.22 U pore filter.

A DEAE column, equilibrated with 0.01 M Na phosphate at pH 7.2
retains all urease activity from solutions of enzyme protein. Increasing
the molarity of eluting Na phosphate to 0;2 M and the pH to 7.5 did not
release any urease activity. Only a small amount (4%) of acti%ity is
eluted by 0.1 M Na phosphate at pH 7.8. The use of citrate—containing

eluants has not been tried.

VII. RELATION BETWEEN UREASE ACTIVITY AND NUMBER OF

BACTERIA IN "DARK PRECIPITATES"

Bacterial plate counts with 2 different media (soil extract and nutrient

phosphate) showed a wide range of numbers of bacteria present in the "dark

8 9

precipitate:" from 8.9 x 10  to 2.55 x 10” per milliliter. The higher

counts were obtained on the nutrient phosphate agar. A gray-white material

T

contained only 5 x 10" bacteria per ml.
Relating urease activity (in UM urea/ml/hr x 109) of a "“dark precipitate"
to the number of bacteris in one milliliter of the same, the following

coeficlients were obtained:
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0.L
8.0
176.8
320.0
285.1

0.2

It is concluded that there is no direct relationship betweén enzyme
activity and microbial numbers. However, the inaccuracies imposed by
performing the organic matter extraction under non-sterile conditions
warrants the repetition of the experiment.

' containing a low

It was observed, however, that a "dark precipitate,’
number of bacteria, had lost 50% of its urease activity after 3 months of
refrigeration. A second "dark precipitate" with high numbers of bacteria

in it had logt some T5%. of its activity in about the same time.

VIII. SUMMARY AND CONCLUSIONS

Previous work (1) has described the extraction of an enzyme-active
801l organic matter fraction from a Dublin loam soil.

It was shown that the'proteolytic enzyme nixture pronase falled to
effect soil urease activity whilst drastically inhibiting Jackbean urease.

Bentonite-lignin complexes were prepared showing that urease may be
associated with amorphous soil organic matter and that this association

affords protection to the enzyme from proteolysis. The type of protection
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envisaged was of a physical nature allowing for the diffusion of subsirate
to and product from the enzyme, but not permitting the approach of other
enzymes. The comparative molecular size of ehzyme, substrate and product
lends itself to this hypothesis.

Work presently underway and described herein has attempted to improve
both the method of extraction and the yield of enzyme-active organic matter
from soil. PFurthermore, experiments have been initisted which may help to
illucidate more fully the physical and chemical nature of the enzyme-
organic matter complex.

From the procedure described in the first section of this chapter 1t
is apparent that sonication now plays an integral part in the extraction
of enzyme-active organic matter from soil., Whilst the effects of sonication
on whole soil enzyme activity are, at present, inconsistent (Expt. III),
they‘do, however, allow a more rapid extraction of the enzyme-organic
matter fraction than previously described (1).

The incon;istent effect of sonication upon urea;e activity presents
some problems. In the first instance, sonication disrupts the soil
aggregates, increasing surface area and consequently releasing previously
unavailable enzyme sites, Clearly, if the enzymes are relocated on the
exterior of a soil colloid there is a high potential activity. When the
soil colloids are aggregsated prior to sonication this potential is somewhat
limited. Unfortunately the disruption effect may proceed further so that
some enzymes may be destroyed by sonication. In consequence it appears

that sonication, at least as far as enzyme activity is concerned, has dual
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.and opposite effects. Further investigations, varying length and intensity
of sonication treatments, may throw some light upon these apparently
conflicting results.

Experiment IV, in which an enzyme-active organic matter extract is
subjected to the enzyme mixture pronase, indicates that the organic matter
association protects the urease from protoeolysis. The importance of this
experiment lies in the fact that no clay is present in the extract and thus
clay adsorption is not, in this instance, responsible for the protection of
soil enzymes. In the soil amorphous organic matter and clays are usually
intimately associated due to adsorption (the so-called organo-mineral
complex) and it is easy to see why the idea of clay adsorption protecting
enzyme activity has been erroneously proposea and supported on many
occasions.

Work was initiated to determine fhe size of the enzyme-active fraction
and to see if the enzyme andborganic matter could be separated without
inhibiting activity. It is along these and other lines that future

research will be directed.
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PROGRESS IN RESEARCH

PHOSPHATASE ACTIVITY OF DUBLIN SOQIL

Thils report contlnues an investigation of the
characteristics of phosphatase activity of Dublin soil.
Columns of soil crumbs were perfused with solutions of
substrate and the relationship of the rate of the
phosphatase reaction to the substrate concentratlon and
to the height of the soll columns was determined,
Thefactivity of the soll crumbs in a non-perfused
reaction system was also measured. The characteristics
of phosphatase activity of the soil in these and other

systems 1s discussed.

Materials and methods

Soill columns

The columns of soll crumbs were prepared as before (1)
except that the columns were prepared in the buffered
substrate solutlion which was to be perfused through the
column, During the preparation of the columns and during
perfusion the temperature of the columns was maintained
at 25,0 °c by a temperature-controlled water jJacket,

Phosphatase activity of soill crumbs in a statlionary system

Into 50 ml Erlenmeyer flasks were placed 1,0 gm soil
cerumbs, 10 ml of 0,016 M sodium maleate buffer, pH 6,90,
1.6 - 48 micromoles substrate, and distilled water to

16 ml, The substrate was added last to start the reaction.,
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The flasks were incubated without shaking in a waler bath
at 25.0 O for the indicated length of time. The Tlasks
were swirled briefly at twenty-minute intervals. The pH
of the reaction mixtures was 6,90, The reaction was
stopped by the addition of 4,0 ml of 0.5 M I‘iabH. The
solution was centrifuged and the amount of product was
determined from the supernatants as before (1), '
Two controls were used: flasks to which no substrate was
added, and flasks to which no crumbs were added.

All flasks were prepared in duplicate and results are

expressed as the average of the duplicate flasks.

Other materials and methods as before (5}3),
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Results

A Hydrolysis of buffered solutions of para-nitrophenol
phospvhate by columns of soil crumbs

Columns of crumbs prepared from New Dublin soil
were perfused with buffered solutions of substrate and
the hydrolysils of the substrate as a function of the
substrate concentration was determined.

The soil columns contained 20 grams of crumbs and
measured 2,1 cm in diameter by 9.0 cm high. The void
volume was 24.4 cmJ, The columns were perused with
solutions of substrate in 0.01 M pH 6.90 sodium maleate
buffer. The concentration of substrate in the buffer
varied from 1,00 x 10-% M to 3,00 x 107 M, The columns
were perfused at a rate of 0,901 0,033 ml/min, This rate
corresponds to a solution velocity of 0,332 cm/min through
the soil column and to & reaction time of 27,1 min¥,

Two columns were perfused for each value of substrate
concentration used, During perfuslon the {temperature of
the columns was maintained at 25,0 °C, The results of the
experiment are shown in Figure 1?

The data in Figure 1 show tﬂat the characteristics
of phosphatase activity of the column of crumbs were

similar to those of previous columns perfused at different

¥ veaction time= vold volume/Tlow rate
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Tlow rates ((,3 ). The phosphatase activity increased

with substrate concentration, reaching an aversge value

of 1.03 micromoles/gm/hr at a concentration of 3,00 x 10~3 M,
For substrate concentrations of 1,00 x 10‘4 M to

1,00 x 10~9 M the concentration of product in the column

effluents, (P), was proportional to log So/(So-P) indicating

the phosphatase reactlion in the columns obeyed Michaelis-

Menten kineties (1), For substrate concentrations abo&e

1.00 x 10‘3 M the concentration of product in the effluents

wag higher than that predicted by the kinetices. From the

range of substrate concentration in which Michaells-Menten

kinetlics were obeyed the value for the constant Vmax was

1.14 micromoles/gn/hr and that for Km was 4.13 x 1074 M,

B. Hydrolysis of para-nitrophenol phosphate by soil
crumb columns of varving lengths

Columns containing 80, 40, and 8,0 grams of soil
crumbs were prepared and perfused with substrate in buffer
as before. The diameter of the soll columns was 2.1 cm
and the heights of the columns were 36, 17.3, and 3;6 cm
respectively, The vold volumes of the columns were
100, 50, andﬂ1o cm3. The columns were perfused at a
flow rate of 3,05 ml/min, This rate corresponds to a
solution velocity of 1.10 em/min through the soil columns
and reaction times of 32,8, 16,4, and 3.28 minutes, respectively.

Two columns were perfused for each value of substrate
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concentration used. During perfusion the temperature of
the columns was maintained at 25,0 °C, The results of
the experiment are shown in Figures 2, 3, and 4.
The results show that the phosphatase activity of
the columns increased with substrate concentration in
a mannér similar to that of the previous 20 gram columns,
At a substrate concentration of 3,00 x 10~3 M the
phosphatase activities of the 80, 40, and 8.0 gram columns
were 1,03, 1,10, and 1,13 micromoles/gm/hr, respectively.
For substrate concentrations of 1,00 x 10’4 M to
1,00 x 10”2 M the concentration of product in the column
effluents was proportional to log So/(So-P) indicating
the phosphatase reaction in the columns obpyed Mlichaelis-
Menten kinetics. At higher substrate concentrations the
concentration of product In the effluents was higher than
that predicted by the kinetics. From the range of substrate
concentration in which Michaellis-Menten kinetics were
obeyed, the constant Vmax for the 80, 40, and 8,0 gram
columns was calculated to be 1,01, 1,03, and 1,12 micromoles/
gm/hr respectively, and the constant Xm was calculated to

4 4

be 3.19 x 100 M, 2.87 x 10’4 M, and 3,40 x 10° ' M,

C. Phosphatase activitiy of soll erumbs in a statlonary
reaction system

The phosphatase activity of the soll crumbs was

determined in a stationary reaction system at various
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concentrations of substrate, The crumbs were allowed

to react with substrate in small flasks which were not
agltated during the reaction period, Two determinations

of activity were performed: in the first, the reactlon time
was 80 minutes; in the second, it was 160 minutes,

The results of the two experiments are shown in Figures

5 and 6.

The data show that the phosphatase activity of the
crumbs In the flask system increased with substrate
concentration in a manner similar to that of the crumbs
in the columns,., At a substrate concentration of
3,00 x 103 M the phosphatase activity of the crumbs
allowed to react 80 minutes was 1,10 micromoles/gm/hr
and the activity of the crumbs allowed to react 160
minutes was 1,06 micromoles/gm/hr,

For both experiments, the concentration of product
in the flasks was proportional to log So/(So-P) indicating
that the phosphatase reaction catalyzed by the crumbs in
the flasks obeyed Michaelis-Menten kinetles. In contrast
to the results obtained with the perfused columns, the
phosphatase reaction in the flask system obeyed Michaelis-
Menten kinetics throughout the éntire range of substrate
concentration used, 1,00 x 10"4 M to 3.00 x 10“3 M.

For the crumbs allowed to react 80 minutes the value of
Vmax was 1,32 micromoles/gm/hr and the value of Km was
6,14 x 10"4 M. For the ecrumbs allowed to react 160

minutes the value of Vmax was 1,30 micromoles/gn/hr
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" and the value of Xm was 6,62 x 10"4 M.

D. Phosphatase activity of crushed soll crumbs
in suspension

The phosphatase activity of the soll erumbs was
determined under conditions in which the crumb material
was dispersed to expose all of the material of the '
crumbs to the substrate solution, The activity was
determined following the procedure for determining the
activity of soil in suspension, using the crumbs instead
of soil (I). Just before adding the substrate the crumbs
in the tubes were crushed and stirred with a stirring rod
until the crumb material was completely dispersed in the
reaction solution., The activity of the resulting suspension
was measured at a substrate concentration of 3,00 x 10“3 M.
The pH of the reaction mixtures was 6,90, The activity
of the crushed crumbs was determined in quadruplilcate,

Upder these conditions the phosphatase actlivity of

the dispersed crumbs was 1.21% 0,01 micromoles/gm/hr,
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Discussion

The phosphatase activity of New Dublin soll has
been measured with the soil in four different systems:
sieved soll iIn suspension, crushed crumbs In suspension,
crumbs in perfused columns, and crumbs in statlonary
flasks (l,3, and this report). The phosphatase activity
was measured at a substrate concentration of 3,00 x 10'3 M.
At thils concentration the activity of the soll in the
different systems is nearly maximal and is relatively
insensitive to the small decrease in the substrate
concentration that occurs during the reaction,

The values for the phosphatase activity of the soll in
the different systems are summarlized in the table below‘(p. 9),

The activity of the sieved soil in suspension was
1.40 micromoles/gm/hr, The activity of the crushed
crumbs in suspension was 1.21 micromoles/gm/hr.

This value represents the activity of the material of
which the crumbs coﬁsist. The data indicate that the
material in the crumbs has 13.5% less activity than the
sieved soil from which the crumbs are made, The lower
‘activity of the crumb material may be the restilt of
inhibition of the phosphatase reaction by the Krilium
in the crumbs., Xrillum is a synthetlc polycarboxylic
acid, and 1t has been found that at a pH value of 6.90
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the phosphatase activity of New Dublin soil is lower
In solutions buffered by carboxylic acids than in solutions

buffered by amino compounds (3).

phosphatase
activity, So =
3,00 x 1077 M, Vmax Km
~_sample micromoles/gm/hr, micromoles/gm/hr, { x 10°"M)
sieved 1.40 1.28 1.60
s0ll
crushed 1.21 - -
crumbs
20 gm
columns
= 0.901 1.03 1.14 4,13
1.48 1.07 1.12 3430
2.80 1.12 1.17 3.78
9,46 1.21 1.22 3,94
nl/min
80 gm column 1,03 1.01 3.19
Q = 3,05 ml/min
40 gm column 1.10 1.03 2.87
Q = 3.05 ml/min
8.0 gm column 1.13 1.12 3,40
Q = 3,05 ml/min
stationary 1,10 1.32 6.14
flasks 1.06 1.30 6.62

The values for the phosphatase activity of intact
crumbs varied from 1.03 to 1.21 micromoles/gm/hr,
These values are 0-15% less than that of the crushed
crunbs in suspension., For the columns, no loss of

catalytic material occurred during perfuslon; no phosphatase
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activity could be detected in the effluents of the
columns. The data indicate that 85-100% of the catalytic
material in the crumbs participates in the phosphatase
reaction, The rate of the phosphatase reaction at the
interior of the crumbs may be somewhat limited by the rate
of diffusion of the substrate to catalytic sites at the
interior of the crumbs (%4).

The phosphatase reaction catalysed by New Dublin'
soil in the various reaction systems obeyed Michaelis-
Menten kinetics. The crumbs in#he stationary flask
system displayed such kineticsvthroughout the entire

range of substrate concentration used ( 1.00 x 1074

M to
3,00 x 1072 M). However, the sieved soil in suspension
and the columns of crumbs displayed such kilnetics only
with substrate concentrations of 1.00 x 10’4 M to
1,00 x 1073 M. Above 1,00 x 1072 M concentration the
observed activity was higher than that predicted by the
Michaelis-Menten equation. The cause of this difference
in behavior is obscure.

The value of the Michaelis-Menten constant Vmax
for the sieved soil in suspension was 1.28 micromoles/gm/hr.,
The values of Vmax for the soll ecrumbs Iin the stationary
flask system were 1,32 and 1,30 micromoles/gm/hr.
The similarity Iin the values of Vmax suggesits that the

materlal In the crumbs actually has about the same

phosphatase actlvity as untreated New Dublin soll and
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that the lower values for phosphatase activity of the
crumbs compared to the sieved soll in suspension at a
substrate concentration of 3.00 x 10"3 M are the result
of competitive inhibltlon of the phosphatase reaction
by the Xrilium and of a limitation in the rate substrate
molecules diffuse to catalytlc sites at the interior of
the crumbs.
The values of Vmax for the columns of crumbs were
5-21% lower than that of the sieved soil in suspension,
It is difficult to draw conclusilons from the differences
in such values since the environment In whilch the phosphatase
reaction takes place in the crumbs in the columns may be
altered by the flow of substrate solutlion during perfusion.
The value of Xm for the sieved soll in suspension
was 1,60 x 10~% M. The values of Xm for the crumbs in
the stationary flask system were 6,14 x 10’4 M and

-4 M for the 80 minute and 160 minute reaction

6,62 x 10
times, respectively. The hilgher values of Km for the
crumbs in the flask system may reflect inhibltion of
the phoshhatase reactlon by the Krilium and may also
reflect a limitation In the rate substrate molecules
diffuse to catalytic sites in the interior of the crumbs,
The values of XKm for the crumbs in the columns were
significantly lower than those for the crumbs In the flask
system, It may be that Inhibitors present in the crumbs

are washed out during perfuslon lowering the value of

Xm from its values In the flask systen,
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The phosphatase activity of the columns of crumbs
and the Michaelis-Menten constants Vmax and Km increased
somewhat as the length of the column was decreased and
‘as the flow rate was increased. These effects may arise
from differences in the pattern of flow of the substrate
solution through the columns or from a gradusl decline
in the phosphatase activity of the crumbs during perfgsion.
Samples of the effluent are usually taken for analysis
after a volume of solution equal to eight times the void
#olume of the column has passed through the column,

The greater the column length or the lower the flow rate,
the longer is the time the crumbs remain Immersed in the
substrate solution before samples of the effluent are
taken for énalysis.

The crumbs in the statlonary flask system were
Intended as a model for columns of crumbs perfused at a
zero flow rate. 8ince the values of Vmax and Km for the
flask system were significantly higher than those for
the columns, thls model appears to be inappropriate,
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